This study shows the association between coat'' effect; this diminished white coat effect has smoking and both office and ambulatory blood not previously been described. The major white pressure. By means of stratification, a uniform coat effect was seen in the older nonsmokers, number of subjects of both sexes and spanning 6 whereas the diminished white coat effect was decades ( aged 20 to 79 years ) were recruited most pronounced in the older male smokers and randomly from the local community register. A in the younger female smokers. total of 352 subjects participated, including 161
T rate ( HR ) persisting for more than 15 min after smoking one cigarette.
1 Repeated smoking ( two or more cigarettes hourly for 8 h ) has been shown to induce a significant continuous increase in BP and HR, in he influence of smoking on blood pressure ( BP ) is equivocal. In laboratory settings, the acute effect of smoking is a rise in systolic and diastolic BP, and an increase in the heart normotensive as well as in hypertensive men. 1,2 Epidemiologic studies, however, have demonstrated that Received April 3, 1996. Accepted October 15, 1996. smokers have the same or lower office BP than do From Bispebjerg University Hospital, Medical Department P nonsmokers.
3 -8 It has been suggested 2,4,9 -11 that the a short time ''off smoking'' before the measurement blood pressure is higher before and after attending the performed. For each group, the mean and the standard error of the mean ( SEM ) were calculated for clinic. To clarify these questions, ambulatory blood pressure ( AMBP ) measurements are needed. This all of the above-mentioned 14 variables. Differences among means were tested by the Student's t test. P method has been employed in several studies dealing with the smoker versus nonsmoker problem, mostly values less than .05 were considered statistically significant. in retrospective, case -control design, 1,2,9,11,12 but never cross-sectionally in a representative and age-RESULTS stratified population. This article presents the results of the association between smoking and office BP, 24-Subjects A total of 954 subjects were invited to participate in the study. Of these, 458 ( 48% ) did not answer h AMBP, and ambulatory HR ( AMHR ) in a Danish population, using a cross-sectional design.
or refused the invitation. Of the remaining 496 subjects, 144 were excluded primarily due to medication or dis-METHODS ease. Thus, 352 subjects ( 173 women and 179 men ) , totaling 22 to 37 of each gender in each of the 6 decades Danish citizens, all whites, were recruited according to sex and age but otherwise randomly from the local from age 20 to age 79, entered the study. Subsequently, another 14 subjects were excluded from the present community register. Subjects with a history of hypertension, cerebral apoplexy, diabetes, myocardial or re-analysis due to less than five valid night ambulatory measurements. A total of 35 of the 161 smokers were nal disease, current use of antihypertensive drugs, current illness, or pregnancy were excluded.
light smokers ( that is, they smoked less than 10 cigarettes per day ) and were excluded from the analysis in Age, sex, height, weight, and self-reported habitual daily smoking consumption was registered. Office BP this article. were measured by a physician, using a standard mer-Demographic Characteristics and Smoking Habits cury sphygmomanometer taking five measurements The demographic characteristics of the study populaunder standard conditions, that is, after the subject tion are given in Table 1 . The mean age of the female had been seated quietly for 5 min. The 24-h AMBP ''10/ smokers'' ( that is, women who smoke ú10 cigawas measured with the Takeda Medical 2420 ( TM-rettes daily ) was 5.5 years lower than the mean age of 2420 ) -monitor ( A&D Co. Ltd., Tokyo, Japan ) using the female nonsmokers ( P õ.05). The weight of the the auscultatory technique. The monitor was pro-male nonsmokers was higher than the weight of the grammed to obtain measurements every 15 min from 10/ smokers, but their body mass index ( BMI ) was not 7 AM to 10:59 PM, and every 30 min from 11 PM to significantly different. 6:59 AM . All recordings were carried out on a working Table 2 presents the distribution of the smoking staday and the following night, with no restriction on tus ( nonsmokers; and light, moderate, and heavy smokdaily activities. ers ) by age decade and sex. Fifteen of the male smokers were pipe smokers ( Table 2 ) . The percentage of male STATISTICS smokers was 49% and that of female smokers 43%. Eight blood pressure and heart rate variables were measured: systolic BP and diastolic office BP; day and Blood Pressure and Heart Rate In the overall analyses ( all age groups, men and women combined ) , all night systolic BPs; day and night diastolic AMBPs; and day and night HRs. Six variables were derived blood pressures ( office, day, and night ambulatory ) are lower in the smokers than in the nonsmokers and, exand used in this study: office pulse pressure; day and night ambulatory pulse pressures; and the difference cept for the systolic dayAMBP, these are all significantly lower ( 02.8 to 06.8 mm Hg, P õ.05) than the nonsmokbetween the office and the day ambulatory pulse pressure, systolic BP, and diastolic BP. The last three de-ers' blood pressures ( Table 3 ) . The day and night ambulatory HR are higher in the smokers as compared rived variables were calculated with the purpose of describing a possible white coat effect. The office vari-with the nonsmokers ( 6.2 min 01 and 2.9 min 01 , respectively; P õ.05). ables were calculated as the means of five successive measurements for each subject. The medians of the Systolic and Diastolic Blood Pressure in Sex and Age daytime and the nighttime ambulatory readings were Subgroups When divided into subgroups ( Tables 4  used as the ambulatory variables. and 5 ) , both the mean systolic and diastolic BP ( office, In order to contrast smokers to nonsmokers, 35 and day and night ambulatory ) are still lower in smoksmokers consuming nine or fewer cigarettes per day ers than in nonsmokers for most age, sex, and BP ( designated as ''light smokers'' ) were excluded from groups, although significant only in some of the groups. the study. The data was analyzed in toto ( the overall analysis ) and, in addition, analyses of the population Variability of Day Ambulatory Blood Pressure The intraperson standard deviations of the systolic and diastratified according to sex below or above age 50 were / 2e17$$2190 04-11-97 17:01:11 eajhas EL: AJH stolic daytime AMBP were similar for the smokers and nonsmokers in all sex and age subgroups ( Table 3 ) . These differences are statistically significant for all subnonsmokers. For smokers and nonsmokers, respectively, the variability in the women's systolic AMBP groups' daytime readings and for the older men's nighttime readings. The HR fall from day to night was were 13.8 { 7.7 and 13.2 { 4.8 mm Hg; women's diastolic AMBP 8.8 { 4.4 and 8.9 { 3.6 mm Hg; men's 2 to 4 beats /min less in the smokers as compared with the nonsmokers, reaching statistical significance in the systolic AMBP 13.9 { 5.8 and 14.9 { 9.1 mm Hg; and men's diastolic AMBP 9.3 { 3.4 and 9.1 { 4.0 mm Hg older women and in the younger men ( data not given ) . ( mean { SD).
Office BP 0 Daytime AMBP Differences (The White Pulse Pressure in Sex and Age Subgroups The pulse Coat Effect) in Sex and Age Subgroups A white coat pressure ( PP ) was significantly higher in the younger effect ( that is, a higher blood pressure in the office than male smokers ( office BP 5.6 { 2.4 mm Hg, daytime during the daily activities ) is seen only in the older age AMBP 4.7 { 2.2 mm Hg and nighttime AMPP 4.5 { subgroups ( see Figure 1 ) . This white coat effect is less 2.0 mm Hg ( P õ.05), as compared with the younger pronounced in the smokers. In the older male smokers, male nonsmokers. No differences were found among the white coat effect is absent from the diastolic readany other sex or age subgroups ( values not given ) .
ings and is reversed with respect to the systolic; both are significantly lower than the white coat effect in the Heart Rate in Sex and Age Subgroups Ambulatory HRs are 5 to 8 beats /min higher in smokers than in nonsmokers ( diastolic and systolic, 3 to 11 mm Hg lower, P õ .05 ) ( Tables 4 and 5; Figure 1 ) . In the younger female smokers is significant lower (04.5 mm Hg, P õ .05 ) than that in the nonsmokers ( Tables 4 and younger age groups, the ''office BP 0 daytime AMBP'' differences are generally insignificant. How-5; Figure 1 ) . ever, in the younger female smokers, the systolic differ-DISCUSSION ence is significantly negative: that is, these subjects have a lower systolic BP in the office than during daily activi-The main finding of this 24-h AMBP study is that normotensive smokers in general have a lower blood ties. This ''reversed'' systolic white coat effect in the pressure than normotensive nonsmokers. Not only in the blood pressure readings would be expected in smokers as compared with nonsmokers. We found the resting blood pressure in the office, but also the average AMBP during the day and at night, are lower that the variability of the systolic and diastolic AMBP was largely identical in smokers and in nonsmokers, in smokers than in nonsmokers. The lower office BP found in this study is in accordance with the general speaking in favor of the assertion that the blood pressure in smokers is constantly lower than in findings in epidemiological studies also based on office BP.
3 -8 This study offers some new explanation for nonsmokers. Some authors, however, have found that smokers this finding. Not only do smokers seem to have a lower BP 24 h / day, but they also seem to have a have a higher, or an unchanged, daytime ambulatory BP as compared with nonsmokers, 1,11,12,15 although diminished white coat effect; and these two effects act additively, making the office BP much lower in the others have reported findings similar to ours. 9,13, 16 The populations in all of these studies have either not been smokers as compared with the nonsmokers.
The lower BP in smokers cannot be explained by the numerically balanced or stratified according to age and sex, or the study populations have been highly known pharmacological effect of nicotine, the major pharmacologically active substance in tobacco selected or hypertensive. In one study, 15 smokers and nonsmokers have even been matched with respect to smoke. 13 Nicotine is considered to be an agonist at the nicotine receptors in the autonomic ganglia and their office BP. If our finding ( namely, that smokers have a diminished white coat effect ) is correct, then neuromuscular junction of skeletal muscle; however, due to various effects in the brain, nicotine's mecha-matching by office BP introduces a major flaw. As illustrated in Figure 2 , this alone could explain why nism of action is more complex than this classical concept can account for.
13,14 Still, as nicotine in laboratory such studies might result in an unchanged or even higher BP in smokers as compared with nonsmokers. settings is known to have an acute pressor effect, it has been speculated that the lower office BP often In our overall analysis ( Table 3 ) we found the smokers' systolic daytime AMBP to be 1.8 mm Hg lower found in smokers, as compared with nonsmokers, may represent a transient decline in smokers' blood than that of the nonsmokers; however, due to the less pronounced white coat effect in the smokers, the pressure in the clinics, due to nicotine abstinence during the medical examination 2,4,9,11 or, alternatively, smokers' systolic office BP was 6.8 mm Hg lower than that of the nonsmokers. Thus, had we matched the that the pressor effect of nicotine leads to compensatory blood pressure lowering adjustments between smokers and nonsmokers by systolic office BP, we would have found the smokers' daytime AMBP about cigarettes.
10 If this were the case, a greater variability / 2e17$$2190 04-11-97 17:01:11 eajhas EL: AJH (6.8 to 1.8 Å) 5 mm Hg higher than that of the non-to continuous nicotine infusion have been found in humans. 18 It has been suggested 19 that cotinine ( a masmokers.
Several possible explanations for the lower blood jor metabolite of nicotine with a half-life of about 12 h ) causes dilatation of peripheral blood vessels, although pressure in smokers have been proposed. Adaptations to the pressor effect of nicotine after chronic exposure this finding could not be demonstrated in a recent experimental study. 20 In long-term smokers, a parahave been demonstrated in animals, 17 sympathetic preponderance could be involved in The mechanism could be a lowering of the diastolic BP alone, as found by Handa et al 22 and by Demers blood pressure control between smoking periods. 13, 21 et al 3 ; or, alternatively, a combination of an increase The young male smokers in our study differed from in the systolic BP and a decrease in the diastolic BP, all other groups, as they had higher systolic BP (office, as seen in our study. and day and night ambulatory) than the nonsmokers. These differences are not significant; however, as their It is not obvious why smoking increases the systolic BP, resulting in a significant higher pulse pressure diastolic BP (along with those of the other smoking groups) are lower than those of the nonsmokers, their only in the young men. The answer may possibly be pulse pressures (office, day, and night) become signifi-found beyond the direct pharmacologic effects of niccantly higher than those of the nonsmokers. Handa et al 22 otine, or in the differences in daily activity or psychoexamined the relations between office BP, smoking, and behavior. Another possibility is that the pressor effect alcohol consumption in 1775 younger men (age 20 to is not seen in the young women due to some interac-59). After controlling for BMI, there was no correlation tion of nicotine with the female sex hormones, 23, 24 or between smoking and systolic BP, whereas diastolic BP that the young women in our study did not inhale as decreased with increasing levels of smoking. Similarly, much nicotine as did the young men ( although they when examining 3034 male mine workers (mean age { smoked as many cigarettes ) . Sato et al 25 have found SD: 38 { 12.5 years) Demers et al 3 found that, after con-that smoking a few cigarettes with a very light nicotrolling for BMI, only the diastolic BP was lower in the tine content was enough to raise the HR without any smokers as compared with the nonsmokers. In both of change in the blood pressure, whereas smoking cigathese studies, and in accordance with our study, the pulse rettes with a high nicotine content had an increasing pressure was higher in the younger male smokers than effect on blood pressure, including pulse pressure. in the nonsmokers.
The pressor effect may be absent in the older age groups, due either to tolerance after decades of If the effect of nicotine in the young men is a simple pressor effect, the hemodynamic effect of nicotine in chronic nicotine exposure or to the presence of ischemic heart disease.
26
this group might be an increase in the pulse pressure.
/ 2e17$$2190 04-11-97 17:01:11 eajhas EL: AJH
In conclusion, our study supports the accumulating / 2e17$$2190 04-11-97 17:01:11 eajhas EL: AJH
